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APPARATUS AND METHOD FOR REDUCING 
SURFACE ZENER DRIFT USING TI-BASED METALLURGY 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention . 

The present invention relates to surface zener diodes and, more 
particularly, to an apparatus and method for reducing surface zener drift 
10 in a zener diode. 



2. Description of the Related Art . 



A zener diode is a pn junction that has a reverse breakdown 
15 voltage that defines two distinctly different regions of reverse-bias 
operation. When the pn junction is reverse biased, but the reverse- 
biased voltage is less than the reverse breakdown voltage, only a small 
leakage current flows through the junction. 

On the other hand, when the reverse-biased voltage is increased 
20 to exceed the reverse breakdown voltage, a large breakdown current 
flows through the junction. Zener diodes are commonly used to provide 
a stable reference voltage by permanently biasing the diode to have a 
reverse-biased voltage that is greater than the reverse breakdown 
voltage. 

25 FIG. 1 shows a cross-sectional view that illustrates a conventional 

surface zener diode 100. As shown in FIG. 1, diode 100, which is 
formed in a n- semiconductor material 108, includes a n+ region 110 
and an adjacent and overlapping p region 112 that are formed in n- 
material 108. 
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In operation, when a first voltage is placed on n+ region 110 and 
a lower second voltage is placed on p region 112 such that the reverse 
biased voltage is less than the reverse breakdown voltage, only a small 
leakage current flows through the junction. 

5 However, when the voltage on n+ region 110 is increased to 

exceed the reverse breakdown voltage of diode 100, a large breakdown 
current flows through the junction. When the breakdown current flow is 
primarily a lateral flow across the junction at the surface of p region 
112, diode 100 is often referred to as a lateral diode or a surface zener 

10 diode. 

One surface zener diode problem, known as surface zener drift, 
occurs when the reverse breakdown voltage of the diode drifts over 
time. Since the active junction formed between n+ region 110 and p 
region 112 is primarily a surface junction, it is more susceptible to the 

15 presence of hydrogen. The presence of hydrogen can significantly 
increase the reverse breakdown voltage characteristics of the diode, 
resulting in an observed voltage drift over time. When the diode is used 
as a stable reference voltage (the diode is permanently biased to have a 
reverse-biased voltage that is greater than the reverse breakdown 

20 voltage), the drift can lead to degraded circuit operation and potential 
device failure. 

Thus, there is a need for a method of forming a surface zener 
diode that minimizes drift in the reverse breakdown voltage over time. 
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SUMMARY OF THE INVENTION 

The present invention provides a method of forming a surface 
zener diode that substantially reduces drift in the reverse breakdown 

5 voltage of the diode. A semiconductor structure formed in accordance 
with the present invention is formed in a semiconductor material of a 
first conductivity type. The semiconductor structure includes a first 
region of the first conductivity type that is formed in the semiconductor 
material. The first region has a dopant concentration that is greater 

10 than the dopant concentration of the semiconductor material. 

The semiconductor structure also includes a second region of a 
second conductivity type that is formed in the semiconductor material to 
adjoin the first region, and a layer of isolation material that is formed on 
the semiconductor material. 

15 The semiconductor structure also includes a conductive contact 

that is formed through the layer of isolation material to make an 
electrical contact with the first region. In addition, a first metal trace is 
formed over the layer of isolation material and the conductive contact. 
The semiconductor structure additionally includes a layer of 

20 insulation material that is formed on the first metal trace, and a 

conductive via that is formed through the layer of insulation material to 
make an electrical contact with the first metal trace. Further, the 
structure includes a second metal trace that is formed on the layer of 
insulation material and the conductive via to make an electrical contact 

25 with the conductive via. In addition, a layer of passivation material is 
formed over the second metal trace. The layer of passivation material, 
in turn, includes nitride. 
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In accordance with the present invention, the semiconductor 
structure also includes a titanium protection layer that is formed over 
the layer of isolation material and the conductive contact, and below the 
layer of passivation material. The titanium protection layer can be 
5 formed on the isolation layer and the conductive contact under the first 
metal trace, or on and over the second metal trace. Alternately, the 
titanium protection layer can be formed on the insulation layer and the 
conductive via under the second metal trace, or on and over the second 
metal trace. 

10 The present invention also includes a method for forming a 

semiconductor structure in a semiconductor material of a first 
conductivity type. The semiconductor structure includes a first region of 
the first conductivity type that is formed in the semiconductor material. 
The first region has a dopant concentration that is greater than the 

15 dopant concentration of the semiconductor material. 

The semiconductor structure also includes a second region of a 
second conductivity type that is formed in the semiconductor material to 
adjoin the first region, and a layer of isolation material that is formed on 
the semiconductor material. The semiconductor structure also includes 

20 a conductive contact that is formed through the layer of isolation 
material to make an electrical contact with the first region. 

The method of the present invention includes the steps of 
forming a first metal trace over the layer of isolation material and the 
conductive contact, and forming a layer of insulation material on the 

25 first metal trace. The method also includes the step of forming a 
conductive via through the layer of insulation material to make an 
electrical contact with the first metal trace. 
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The method further includes the step of forming a second metal 
trace on the layer of insulation material and the conductive via to make 
an electrical contact with the conductive via. The method additionally 
includes the steps of forming a layer of passivation material over the 
5 second metal trace, and forming a titanium protection layer over the 
layer of isolation material and the conductive contact, and below the 
layer of passivation material. The layer of passivation material includes 
nitride. 

A better understanding of the features and advantages of the 
10 present invention will be obtained by reference to the following detailed 
description and accompanying drawings that set forth an illustrative 
embodiment in which the principles of the invention are utilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

FIG. 1 is a cross-sectional view illustrating a conventional surface 
zener diode 100. 

FIG. 2 is a cross-sectional view illustrating a portion of a 
semiconductor structure 200 in accordance with the present invention. 
20 FIGs. 3A-3H are cross-sectional views illustrating a method of 

forming a semiconductor structure, such as structure 200, in accordance 
with the present invention. 

FIG. 4 is a cross-sectional view illustrating a portion of a 
semiconductor structure 400 in accordance with the present invention. 
25 FIG. 5 is a cross-sectional view illustrating a portion of a 

semiconductor structure 500 in accordance with the present invention. 

FIG. 6 is a cross-sectional view illustrating a portion of a 
semiconductor structure 600 in accordance with the present invention. 
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DETAILED DESCRIPTION 

FIG. 2 shows a cross-sectional view that illustrates a portion of a 

5 semiconductor structure 200 in accordance with the present invention. 
As described in greater detail below, a layer of material that includes 
titanium is incorporated into the metallization steps to substantially 
reduce drift in the reverse breakdown voltage of a surface zener diode. 
In the example shown in FIG. 2, structure 200, which is formed in 

10 an n-type material 208 such as a well or a substrate, includes an n-type 
region 210 and a p-type region 212 that are formed in material 208. As 
further shown, p-type region 212 is adjacent to and overlaps n-type 
region 210. In the FIG. 2 example, n-type region 210 and p-type region 
212 form a surface zener diode where n-type region 210 is heavily 

15 doped and the dopant concentration of p-type material 212 controls the 
reverse breakdown voltage. 

Further, structure 200 includes a layer of isolation material 214 
that is formed on material 208. Isolation material 214 can be 
implemented with, for example, a layer of silicon dioxide. In addition, 

20 structure 200 also includes an ohmic conductive contact 216 that is 

formed through isolation layer 214 to make an electrical contact with n+ 
region 210. Contact 216 includes a metallic material, such as aluminum 
or aluminum silicon, and can include a layer of platinum silicide or a 
diffusion barrier formed between the metallic material and the surface of 

25 n+ region 210. 

In accordance with the present invention, structure 200 
additionally includes a titanium protection layer 220 that is formed on 
isolation layer 214 and contact 216. Titanium protection layer 220 can 
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be implemented with, for example, titanium, titanium-tungsten, or 
titanium metal silicides. 

As further shown in FIG. 2, structure 200 includes a first metal 
(metal-1) trace 222 that is formed on titanium protection layer 220. 

5 Metal-1 trace 222 can be implemented with, for example, aluminum, an 
aluminum alloy, or copper. Structure 200 also includes a layer of 
insulation material 224 that is formed on metal-1 trace 222. Insulation 
material 224 can be implemented with, for example, a doped layer of 
silicon dioxide or a low-temperature TEOS film. 

10 In addition, structure 200 includes a conductive via 226 that is 

formed through insulation layer 224 to make an electrical contact with 
metal-1 trace 222. Conductive via 226 can be implemented with, for 
example, tungsten, aluminum, or copper. 

Structure 200 further includes a second metal (metal-2) trace 232 

15 that is formed on insulation layer 224 and conductive via 226. Metal-2 
trace 232 is formed to make an electrical contact with conductive via 
226, and can be implemented with, for example, aluminum, an 
aluminum alloy, or copper. In addition, a layer of passivation material 
234 is formed on metal-2 trace 232. Passivation material 234 includes a 

20 layer of nitride, and can include a layer of vapox over metal (VOM) 
formed between metal-2 trace 232 and the layer of nitride. 

In operation, a first voltage is applied to n-i- region 210 and a 
lower second voltage is applied to p region 212. The difference 
between the first voltage and the second voltage is greater than the 

25 reverse breakdown voltage of the surface zener diode, thereby biasing 
the diode in the reverse breakdown region. 

Experimental results indicate that the present invention 
significantly reduces the drift that occurs in the reverse breakdown 
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voltage of a surface zener diode over time. The drift in the reverse 
breakdown voltage of a surface zener diode is believed to result from 
mobile hydrogen pairing up with available holes at the surface pn 
junctions, effectively lowering the concentration of the boron dopant of 

5 p-type region 212 at the surface pn junction. 

Mobile hydrogen is generated as a standard by-product of the 
plasma-enhanced chemical-vapor-deposit (PECVD) process used to form 
the nitride in passivation layer 234. No appreciable drift was observed 
during experiments on parts that were processed without nitride 

10 passivation (VOM only). 

In the present invention, titanium protection layer 220 is believed 
to getter the mobile hydrogen released from the plasma-enhanced 
nitride passivation process, thereby leaving an insufficient amount of 
mobile hydrogen to appreciably counter-dope the boron at the surface 

15 pn junctions of the devices. 

FIGs. 3A-3H show cross-sectional views that illustrate a method 
of forming a semiconductor structure, such as structure 200, in 
accordance with the present invention. In the example shown in FIG. 
3A, the method of the present invention utilizes a semiconductor 

20 structure 306 that has been prepared using conventional processes and 
steps. 

As shown in FIG. 3A, structure 306, which is formed in an n-type 
material 308 such as a well or a substrate, includes a heavily-doped n- 
type region 310 and an adjacent and overlapping p-type region 312 that 
25 are formed in n-type material 308. In addition, structure 306 includes a 
layer of isolation material 314 that is formed on material 308. Isolation 
layer 314 can be implemented with, for example, a layer of silicon 
dioxide. 

10555949vl 

072219-0278259 (P05108) 
-8 



PATENT 

In addition, structure 306 also includes an ohmic conductive 
contact 316 that is formed through isolation layer 314 to make an 
electrical contact with n+ region 310. Contact 316 includes a metallic 
material, such as aluminum or aluminum silicon, and can include a layer 

5 of platinum silicide or a diffusion barrier formed between the metallic 
material and the surface of n+ region 310. 

Referring to FIG. 3A, the method of the present invention begins 
by forming a layer of titanium protection material 320 on isolation 
material 314 and conductive contact 316. Titanium protection material 

10 320 can be implemented with, for example, titanium, titanium-tungsten, 
platinum-titanium-tungsten, or titanium metal silicides. 

Next, a first layer of metal (metal-1) 322 is deposited on titanium 
protection layer 320. Metal-1 layer 322 can be implemented with, for 
example, aluminum, an aluminum alloy (e.g., Al, 2%Cu), or copper. 

15 After metal-1 layer 322 has been deposited on titanium protection layer 
320, a first metal trace mask 324 is formed and patterned on metal-1 
layer 322. 

Referring to FIG. 3B, following the patterning of mask 324, the 
exposed portion of metal-1 layer 322 is etched until metal-1 layer 322 

20 and the underlying layer of titanium protection material 320 are 

removed from the surface of the underlying isolation layer 314. Mask 
324 is then removed. The etch defines a first metal trace 326 and 
exposes regions of isolation layer 314. 

Referring to FIG. 3C, after first metal trace mask 324 has been 

25 removed, a layer of insulation material 330 is deposited on the surface 
of metal trace 326 and the exposed regions of isolation layer 314. 
Insulation layer 330 can be implemented with, for example, a doped 
layer of silicon dioxide, a low-temperature TEOS film, or spin on glass 
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(SOG). Following this, a via mask 332 is formed and patterned on 
insulation layer 330. 

Referring to FIG. 3D, following the patterning of via mask 332, 
the exposed portions of insulation layer 330 are etched to remove 
5 insulation layer 330 from metal trace 326 to form a via opening 334. 
After this, via mask 332 is removed. Referring to FIG. 3E, once via 
mask 332 has been removed, a layer of via metal 336, such as tungsten, 
is deposited on insulation layer 330 to fill up via openings 334 and make 
an electrical connection with metal trace 326. 

10 Referring to FIG. 3F, after via metal layer 336 has been 

deposited, via metal layer 336 is etched to remove via metal layer 336 
from the top surface of insulation layer 330 and form a via 340. Next, a 
second layer of metal (metal-2) 342 such as, for example, aluminum, an 
aluminum alloy (e.g., Al, 0.5%Cu) 7 or copper, is deposited on insulation 

15 layer 330 and via 340 to make an electrical contact with via 340. 

Following this, a second metal trace mask 344 is formed and patterned 
on metal-2 layer 342. 

Referring to FIG. 3G, after mask 344 has been patterned, the 
exposed portion of metal-2 layer 342 is etched until metal-2 layer 342 is 

20 removed from the surface of the underlying insulation layer 330. 

Following the etch, mask 344 is removed. The etch defines a second 
metal trace 346 and exposes regions of insulation layer 330. 

Referring to FIG. 3H, after second metal trace mask 344 has been 
removed, a layer of passivation material 350 is deposited on the surface 

25 of metal trace 346 and the exposed regions of insulation layer 330. 
Passivation layer 350 includes a nitride layer that is formed using 
conventional plasma-enhanced, chemical-vapor-deposition (PECVD), and 
can include a layer of VOM formed on metal trace 346 between metal 
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trace 346 and the nitride layer. The method of the present invention 
then continues with conventional back-end processing steps. 

Alternately, rather than forming the titanium protection layer 
under the metal-1 layer, the titanium protection layer can be formed on 
5 the top surface of the metal-1 layer. FIG. 4 shows a cross-sectional 
view that illustrates a portion of a semiconductor structure 400 in 
accordance with the present invention. Structure 400 is similar to 
structure 200 and, as a result, utilizes the same reference numerals to 
designate the structures that are common to both structures. 

10 As shown in FIG. 4, structure 400 differs from structure 200 in 

that structure 400 has a metal-1 layer 410 that is formed on isolation 
layer 214 and contact 216, and a titanium protection layer 420 that is 
formed on metal-1 layer 410. Further, insulation layer 224 and 
conductive via 226 are formed on titanium protection layer 420 rather 

15 than the metal-1 layer. 

Structure 400 can be formed by altering the steps shown in FIGs. 
3A-3H. Rather than forming titanium protection layer 320 on isolation 
layer 314 and conductive contact 316, metal-1 layer 322 is instead 
formed on isolation layer 314 and conductive contact 316, followed by 

20 the formation of titanium protection layer 320 and then mask 324. 

The titanium protection layer can alternately be formed under the 
metal-2 layer. FIG. 5 shows a cross-sectional view that illustrates a 
portion of a semiconductor structure 500 in accordance with the present 
invention. Structure 500 is similar to structure 200 and, as a result, 

25 utilizes the same reference numerals to designate the structures that are 
common to both structures. 

As shown in FIG. 5, structure 500 differs from structure 200 in 
that structure 500 has a titanium protection layer 510 that is formed on 



10555949vl 

072219-0278259 (P05108) 
-11 



PATENT 

insulation layer 224 and via 226, and a metal-2 layer 512 that is formed 
on titanium protection layer 510. 

Structure 500 can be formed by altering the steps shown in FIGs. 
3A-3H. Rather than forming titanium protection layer 320 on isolation 
5 layer 314 and conductive contact 316, metal-1 layer 322 is instead 
formed on isolation layer 314 and conductive contact 316. The steps 
continue as described in FIGs. 3A-3H until the deposition of metal-2 
layer 342. 

At this point, rather than forming metal-2 layer 342 on insulation 

10 layer 330 and via 340, titanium protection layer 320 is instead formed 
on insulation layer 330 and via 340. Following this, metal-2 layer 342 is 
formed on titanium protection layer 320, and then mask 344 is formed 
on metal-2 layer 342. 

The titanium protection layer can alternately be formed on the 

15 top surface of the metal-2 layer. FIG. 6 shows a cross-sectional view 
that illustrates a portion of a semiconductor structure 600 in accordance 
with the present invention. Structure 600 is similar to structure 200 
and, as a result, utilizes the same reference numerals to designate the 
structures that are common to both structures. 

20 As shown in FIG. 6, structure 600 differs from structure 200 in 

that structure 600 has a titanium protection layer 610 that is formed on 
metal-2 layer 232. In addition, passivation layer 234 is formed on 
insulation layer 224 and layer 610. 

Structure 600 can be formed by altering the steps shown in FIGs. 

25 3A-3H. Rather than forming titanium protection layer 320 on isolation 
layer 314 and conductive contact 316, metal-1 layer 322 is instead 
formed on isolation layer 314 and conductive contact 316. The steps 
continue as described in FIGs. 3A-3H until the formation of mask 344. 
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At this point, rather than forming mask 344 on metaI-2 layer 342, 
titanium protection layer 320 is instead formed on metal-2 layer 342. 
Following this, mask 344 is formed on titanium protection layer 320. 
Thus, an apparatus and method for reducing drift in the reverse 
5 breakdown voltage of a surface zener diode has been described. With 
titanium added as part of the metal process, experimental results 
indicate that the drift in the reverse breakdown voltage is significantly 
reduced, and low enough for the device to function properly under 
normal operating conditions. 
10 It should be understood that various alternatives to the method 

of the invention described herein may be employed in practicing the 
invention. Thus, it is intended that the following claims define the scope 
of the invention and that methods and structures within the scope of 
these claims and their equivalents be covered thereby. 
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